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INTRODUCT ION

The objective of this research is to make a comprehensive study of the
effect of heat treatment and microstructure on the initiation of fatigue cracks
and on the fatigue crack propagation rate from the threshold stress intensity
(Axth) to the mid-range of stress intensity in HY80 and HY130,

The first phase which was completed August 31, 1979 by Dr. S. I. Kwun
studied HY80 and HY130 samples which had been given the normal heat treat-
ments. The results were summarized in the Progress Report of 1 September 1978
to 31 August 1979 for this grant®’ and a paper has been submitted for publi-
cation.

Research in this laboratory has shown that the fatigue crack propagation

rate in the mid-range of AK can be reduced to the approximate form

&le

- A LRS @
wo? U

where a is the crack length, N is the cycle number, AK is the stress intensity
amplitude, u is the shear modulus, ¢ 1s the 0,.2% offset cyclic flow stress,

U is the plastic work required for a unit area of fatigue crack propagation
and A is a dimensionless constant whose value will be discussed later. The
major contribution from this group was to devise a technique using foil strain
gages for measuring U. Such measurements for HY80 and HY130 are reported in
last year's report. When m in the Paris relation, da/dN = c(ax)“, is 4, U is
independent of AK but when m is less than 4 U is a function of AK according

to the equation

U =« BQK" )

wvith n = 4-m.
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The results to date for testing eq.(l) including the study of HY80 and
HY130 are included in a review paper® and show eq.(l) to hold rather well
with A as universal constant equal to (2.9 + 0.9) X 10°2 when meters, Joules,
and meganewtons are used as units. The value of U for HY130 (for crack pro-
pagation in argon) was very small and it was, therefore, decided to first

AY
investigate the affect of tempering temperature on U and da/dN vs. AK.

Previously, Kwun and Fournelle* at Marquette University studied a
0.034Nb-0.08C steel and found that tempering at 400°C (5 hrs) rather than
550°C (10 hrs) resulted in a four times greater value of U even though the
yield strengths were about the same. These authors proposed that the
difference arises from a difference in composition and morphology of the
carbide phase although this was not invesgtigated.

Since HY130 contains V (0.064 wt.%) and C (0.10 wt.7%), it was thought

that similar results to the Nb steel might be obtained. Since eq.(l) has

been shown to hold at least as a good first approximation, it was decided to } 7
measure da/dN vs. AK in the mid-AK region and use eq.(l) to give an indica-

tion of how U changed with heat treatment. This research is part of the

Ph.D. thesis of Mr. Jain-Long Horng who began September 15, 1979. He will {
do the complete study stated in the objective of this research for his Ph.D,

thesis.
RESULTS AND DISCUSSION

As last year, HY130 of the following composition, in weight percent,

obtained from the U. S. Steel Research Laboratory, was used in the research.

c Ni Cr Mo Mn v Si

HY130 0.10 5.33 0.49 0.57 0.35 0.064 0.23




The standard heat treatment for HY130 is austenitizing at 815°C followed by
tempering 1 hr at 610°C.

After quenching from 815°C, there was no evidence for undissolved VC
when specimens were examined at 1000 magnification in the optical microscope;
therefore, an austenitizing temperature of 815°C was selected for a study of
the effect of tempering temperature on the fatigue crack propagation rate.

Samples were first austenitized at 815°C in argon, water quenched and then

tempered for various times at 400, 500, and 650°C. Rockwell C hardness versus

tempering time is shown in Fig, 1, The hardness falls off more rapidly with
time, of course, as the tempering temperature is increased; however, there
is some evidence for secondary hardening on tempering at 550° C presumably
due to VC replacing Feac. Three tempering treatments giving approximately
the same Rockwell C hardness (34) were chosen.

A 10 hrs at 400°C

B 5 hrs at 550°C

C 1 hr at 650°C

As previously da/dN was measured versus AK in panel specimens 100 mm

by 3.5 mm by 25 mm containing a 3 mm by 0.2 mm center notch introduced by
spark machining. All heat treatments were done after specimen preparation
but before spark machining. The crack lengths were measured with a 40X
telemicroscope. The results for 55% relative humidity air and dried argon
are shown in Figs. 2, 3, and 4. The results for argon were all somewhat
lower than those in air, particularly for the 400°C tempered specimens at
low AK. There was, however, no dramatic difference in the da/dN curves for
the three heat treatments as with the Nb steel. Table I compares the

results at AK = 20 m/m%.
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TABLE I.

da/dN at 20 MN/ﬁ% in m/cyecle

Air Dry Argon
A 10 hrs, 400°C 6 x 1078% 4 x 1078
B S5 hrs, 550°C 5 x 1078%* 4 x 10°8
C %hr, 650°C 5x 1078* 5 x 1077
D 1hr, 610°C (Horng) 7 x 10°8% 5 x 10°°
D 1hr, 610°C (Kwun) 8 x 1077** 5 x 10°®

* 55% relative humidity
** 47/, relative humidity

The absence of a large effect of heat treatment on da/dN in the mid-

AK region in HY130, as observed in the 0.034 wt.% Nb-0.08 wt.% C steel* was

disappointing. We plan to try higher austenitizing temperatures as well

as dual phase microstructures. The latter should be particularly effective
: 5

in raising AKth'

Previously, Dr. Kwun'

reported that there was a large difference in
the da/dN versus AK curves of HY130 tempered 1 hr at 61(° C when tested in
47% relative humidity air and in dry argon. The absence of such an effect
for the 650°C was surprising. Therefore, the standard HY130 treatment,
tempering 1 hr at 610°C (Treatment D), was studied again. The results are
shown in Fig. 5 and no large environmental effect is noted. The previous
and present results are compared using ''smoothed straight" lines in Fig. 6
and in Table I at AK = 20 MN/d%. while there is very good agreement in
dry argon between the Kwun and Horng results, there is not in air. Dr.
Kwun's da/dN vs. AK line for air represents data for several samples. There
is a real but as yet unexplained difference between the two sets of data.

It should be noted that Kwun tempered in a salt bath and air cooled his

specimens; Horng conducted the tempering in dry argon and drop quenched his

samples into water. Seggregation to grain boundaries may have occurred
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during the slow cooling and this may be responsible for the environmental
enhancement of fatigue crack propagation rate observed. Further research is
obviously needed to understand the observed effect. It is very important

to learn the conditions for fast fatigue crack propagation in HY130 in air.
As shown in Table I, it does appear that tempering 1 hr at 610°C gives the
fastest fatigue crack propagation rate in air of all the tempering times

and temperatures tried even if the Kwun results are disregarded.

EFFECT OF SPECIMEN GEOMETRY ON MEASUREMENT OF AK.p

In the previous annual report® threshold values for macrofatigue crack
propagation were reported for HY80 and HY130 given the standard heat treat-
ment* as well as for 4140 tempered at 650°C. These results are also in the
paper® which has been submitted for publication. The values which were
4.2 MN/ﬁ% for HY80 and 3.8 MN/h% for HY130 (R = 0.05) seemed low compared
to some other published values for steels.® It was, therefore, decided to
make measurements on commercially pure iron (0.017 wt.% C) to compare with
literature results. Measurements were made on both center notch and side
notch specimens by Dr. S. I. Kwun who returned to Northwestern from the
Korean University for a portion of the summer. To reduce the size of the
plastic zone, the specimens were, after furnace cooling from 850°C, work
hardened by stretching 15% prior to introducing the notch. Values for AKth
of 6.08 and 6.05 MN/ﬁ% were obtained for the center and side notch specimens,
respectively. This is extremely good agreement. This may be compared to a
value of approximately 7 m/m% reported by Masounove and Bailon’ for low C
steel of ordinary grain size. This experiment further validates our results

for AKyp of HY80 and HY130.

* The standard heat treatments are for HY80 austemitizing at 900°C followed
by tempering 1 hr at 700°C and for HY130 austenitizing at 815°C followed
by tempering 1 hr at 610°C.




REFERENCES

1.

End-of-the-Year Report, ONR Contract #N00O14-78-C-0565, 1 September
1978 - 31 August 1979, M. E. Fine, Dept. of Materials Science and
Engineering, Northwestern University, Evanston, Illinois.

S. I. Kwun and M. E. Fine, "Fatigue Macrocrack Growth in Tempered
HY80, HY130, and 4140 Steels: Threshold and Mid-AK Range", submitted
to Fatigue of Engineering Materials and Structures, Oxford.

P. K. Liaw, S. I. Kwun and M. E. Fine, "Plastic Work of Fatigue Crack
Propagation in Steels and Aluminum Alloys", Metallurgical Transactions,
in press.

S. I. Kwun and R. A. Fournelle, unpublished research; S. I. Kwun, -
Ph.D. thesis, "Fatigue Behavior of a Quenched and Tempered Nb-bearing
HSLA Steel", Marquette University, Milwaukee, Wisconsin, 1978.

H. Suzuki and A. J. McEvily, "Microstructural Effects on Fatigue
Crack Growth in Low Carbon Steel", Met. Trans. 10A, 475 (1979).

M, E. Fine and R. 0. Ritchie, "Fatigue-Crack Initiation and Near-
Threshold Crack Growth", Proceedings of 1978 ASM Materials Science
Seminar: Fatigue and Microstructure, p. 245, 14-15 October 1978,
St. Louis, Missouri.

J. Masounave and J.-P. Bailon, Scripta Met. 10, 165 (1976); J.
Masounave and J,-P. Bailon, Proceedings 2nd Intl. Conf. on Mechanical
Behavior of Materials, Boston, August 1976, p. 636.

PERSONNEL

Dr. S. I. Kwun, Postdoctoral Research Associate 9/1/78 to 8/8/79,

half-time August 1980. Mr. Jain-Long Horng, Graduate Research Assistant

9/79 to present.

PUBLICAT IONS

1.

S. I. Kwun and M, E. Fine, "Fatigue Macrocrack Growth in Tempered
HY80, HY130, and 4140 Steels: Threshold and Mid-AK Range". Submitted
to Fatigue of Engineering Materials and Structures.

P. K. Liaw, S. I. Kwun and M. E. Fine, "Plastic Work of Fatigue Crack
Propagation in Steels and Aluminum Alloys". 1In press, Metallurgical

Transactions. Also supported by AFOSR.




- m - > ™! 2 - e facdans sk ha

ot v s ok R A7 i R A NS P i SRV T P WM R e i

‘po3eOTpUT mmmu:umuwasmu a2yl 1e paiadwal pue
2,618 3® paz13TU31ISNE OELTXH JO S§3UpPIEY D TT13M4204 °1 *814

(SHNOH) 3NIL ONIN3IdW3L |
ol S 2 1 0 |

¥ T v O—
L - 16t
4

L 02 T
2:,069 W
.l//.l[ O
- —— loz
(7))}
3
| {oge &
s
00068 Hﬂ“i‘il‘ﬂﬂdlllllllll u
2 2,00 w ‘mm (e
(@]

| 10t

Otl AH




‘0 00% 2® sy Q1 paiadwadl pue ) ¢i8 I8 paziIjualsne
OCTAH 3O XV snsiaa 3jex uollreledoad yoead angiiey -7 813

(5, cW/NN) WY
Oob __0g . Qe ___ : 0l
. |
! ° .
eeo O
° o
o -
i ® a -
0
°
5 @
6
- ® a ~
e ®* o
o~ v
- ¢ m%wd 1
°
- . 4@ .
OnA O
O. nﬂwuq DDQ s
0
o_uﬂu v
\%

- ) NOOWY AMd @ 4

° iV ALIQINNH %SS VO

o (V) 2,00t SHH O

w Ogl AH

[ERERERN——

, Ot

ol

(319ha/ wrl) Np/oOP




—— . PP T P P

*0.06G ' say ¢ pai3dwal pue D GIg I® PIZIITudIsne

O€IAH 3O N7 snsiaa aje1 uor3ededoad joeido anBriegy ‘¢ ‘814
(5,047 NW) NV
ov 0g 02 ) ol
T T T T T T T T T T
| S
A\ .
. v L0l
° g a
[ ] qqq
ﬁ ® 0 q ]
v Vv Q
% Vv o
a v 4
v —
' qm |t
- >
a
| 7 1%
L ° v 4 N
Vo
. Q.AV 4 _..o_
v D
o
a
i & NOSMY AMO e |
5 MV ALIAIWNH % GG VO
(A) 2,066 SHH S
O¢! AH
. i - JER V- L . - - JE U S, — R

IR Ry YR

[ e

]
i
:
§
3
H




R .

£

0069 38 1y < pa1adwdl pue ) GIg IE PIzZIIjuaIsne
O€TAH Jo )NV snsias 33e1 uorjededoad yoead andyyegy 4 814

A$n8\22~x<
O»\ T qu T O~N Y Oﬂ_ I
- QDD. B
3 v &0 V .N.Q
8] v
Ve
ooqncm v
* " v
- [ [ ] .
v
oo Dvw
n%Q
0o a
| vy v i o
® 0O Z
- ocﬁq i} M
D‘ ~
r y v 1 g
(¢}
vea S
i W 1,01 &
w
¢
ﬁ °"
o0 NOSMY AMG wWW |
iy ALIOWH %SS V0O
(D) 000699 ¥H /i
el AH




‘0019 3e Iy 1 paiadwa3 pue D GI8 IB pI2TITudisne
OCTAH 30 YV snsxan 231 uoribfedoad oead an8riey ¢ 814

( 21eY/ NWA) AV
ov o . 02 . o]
-
°
- Ol
8] ¢
@)
. %
I . 207
° _u<
° v
0
'Y v
I e o V
° v
! F 4
| ° 0
i . o V 1,01
v
Oy
® s}
- ° v NOOHY AMQ @ g
Oy HIV ALIGIWNNH %SS VO
(@) 2:019 MM |
o Ogl AH
°

(919k0 7 w7) NP/ OP




R A T A el Al s b st

*payouanb doip pue uo8ie Kap uj paiadwsl saydues 103

2ae s3ynsax 8uioy 3yl 211ym 3Jod (s B uy paiadwel sajdwes 103 aae

§3TNSax unmy ayl °J O19 I8 1y [ paiadwa) QETAH JO 23e1 uoyjededoad
}OoBID an81ieJ 10J SITNS3I JUID31 II0W pPUBR I3T[aEd Jo uosyaedwo)d ‘9 ‘8Byj

(5,7 NIN) NV
o OF ; 0¢ ol
T \ T
i 7]
yd
L0l
Q
[ Q
~
Q
2
+
3
.. ~
Q
<
O
Fy
ﬁ b 4
, (%t HY) e
ozmo:/\ %SG HY)
- ONHOH ALIGINNH JAILYT3Y HY
i 7 d NOOHV AMQ ——— ]
7 2dx3 1dx3 uIv
70019 HH |
OSI AH
1

S e 3 et



